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ACTUATION AND CONTROL DEVICE FOR ELECTRIC SWITCHGEAR 
The pic:>cnt invention relates to an actuation and control device for opening/closing an electric 
swiichgcar« for exan\ple circuit breakers, disconnectors and Che like, particularly for high- and 
mcdium-voltagc transmission and/or distribution netwoiks. 

In particular, the actuation and control device according to the present invention allows to 
improve maneuvers of the switchgear from both a mechanical and an electrical point of 
view, making it possible to perform the electrical operations in a "synchronoiis" and 
rcpei&table manner in relation to the network paramet^s. The device according to the present 
invention is particularly adapted for use in high-voltage circuit breakers and is now described 
with reference to diis application without limiting in any way its scope of application. 
As II is known, a single pole of a high voltage circuit breaker comprises a first post-shaped 
supporting insulator arranged on a supporting frame, a second insulator which is ammged 
on the upper end of said first insulator, and an interruption chamber, with interraption 
mechanisms constituted by fixed contacts and movable contacts, which is provided inaide 
said second insulator. The movable contacts are operatively connected to an actuation rod, 
which runs inside the first insulator from the movable contacts to the base of the post. The 
rod is actuated by means of kinematic systems located in a housing at the base of the post 
and operaiively connected to an actuation device. 

Closing and opening of the circuit breaker are performed in relation to a control signal sent, 
for example, by a control panel or by a protection logic; in particular, this signal is sent to 
the actuation device thai causes engaging and disengaging of the fixed contacts from the 
movable contacts. 

At the present state of the an, currently used actuation devices, generally of the mechanical 
or hydraulic type, are siracturally complicated and operate according to a not adjustable rule 
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Of mouon. For example, mechanical actuation devices generally use two springs, namely a 
closur. and an opening «pHag. a stroke- limiting shoe, absorber, a reloading m^or 

for the closure spring, and a mechanism which allows to convert the motion produced by 
the springs into a translatory motion of the movable contact, reload the opening spring, and 
,nakc the opening movement independent of the closure movement. Besides the very large 
number of components which require long and compUcated initial adjustment, one severe 
drawback resides in ihe fact that the movement of the movable contact is determined 
exclusively by the elastic characteristic of the opening and closure springs; the rule of motion 
of the movable contact cannot be changed by the user but is set during design. Actuation 
devices of the hydm.lio type, in which the movement of the movable contact is ensured by 
adapted hydraulic actuators, can partially obviate these drawbacks, but have disadvantages 
Jinked to Ac presence of fluids, particularly owing to their temperature-sensitivity. 
_,Ac-._^.n.r_of_f:>nr owning or closing operations of the circuit breakers are generally 
a.synchrx>no«» in relation to the phases of the electrical parameters, which is to say they do 
not have any temporal relationship with the electrical network; this in most cases leads to 
the generation of transients in the electrical networic due to prestxike phenomena during 
closing and restrike phenomena during opening. In particular, depending on the type of load 
p,e.,ent in the electrical network, an operation performed at a non-optimal momern could 
cause high frequency oscillation phenomena with high amplitudes compared to the rated 
values of the electrical parameters of the electrical network; the cunem values can. for 
example, even rise several onlers of magnitude higher than the rated current value. The.se 
transients cleariy subject the electrical networic to anomalous stresses and have the potential 
to cause misfunciioning of the electronic protections, to reduce the eApected life of the 
equipment connected to the electrical network and even to lead to the shutdown of said 
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equipment with high detriment to the continuity of power supply, especially in industrial 
plants. Moreover they lead in any case to a greater wear of the contacts of the circuit 
breaker hself and consequently reduce its useful life. 

The absence of control over the rule of motion of the actuation device also requires the 
presence of dampers^ or shock- absorbers to dissipate the residual kinetic energy at the end of 
the actuation and to avoid uncontrolled impacts against the pole. Furthermore, precision in the 
positioning of the movable contact is limited by a mechanism, which is inherently inaccurate 
owing to ihe presence of the springs. 

Owing to the large number of components^ the devices of the prior art require maintenance in 
order to m<Untain their nominal behavior and thus ensure rcpoatabili^ of the actuation by 
compensating for variations due to system wear and aging. Actuation r^catability in any case 
has inherent lindits. 

Moreover, the energy that must be supplied is higher than the energy strictly required to 
move the movable contact, since it is necessary to also move the various mechanical 
elements of the switchgear. 

The aim of the present invention is to provide an actuation and control device for an electric 
switchgear, such as for example circuit breakers, disconnectors^ and the like, which allows to 
control the actuation of the switchgear in such a way to perform opening or closing 
operations synchronously, taking as a reference at least one individual phase, in relation to 
the elcctricai parameters of the network, irrespective of the command instant sent from a 
control panel or a protection logic. It should be understood that the opening and/or closing 
operation may be considered synchronous when, having set an ideal tripping moment in 
relation to the type of load and the load and network neutral comiection to ground, such as 
for example the zero voltage for a capacitor or the peak voltage for a reactive load, the 
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discnoagemeni/cngagement of the contacts falls within a synchronization time window 
around the ideal moment, 80 that the transients obtained are sufficiently low. 
Within the scope of this aim. an object of the present invention is to provide an actuation 
and control device for an electric switchgear, such as for example circuit breakers, 
disconnectors and the like, which enables to obtain synchronism of the operation with the 
waveform of the electrical network with different types of networks and loads present, thus 
distinguishing itself by considerable flexibility in use. 

Another object of the present invention is to provide an acttiation and control device for an 
electric switchgear. such as for example circuit breakers, disconnectors and the like, that 
guarantees Ihe ^pcatability of the operation to be performed as well as its optimization in 
relation to the different types of breaking techniques choSM. 

A furdicr object of the present invention is to provide an actuation and control device for an 
electvic switchgear, such as for example circuit breakers, disconnectors and the like, that 
allowing to obtain operations that are synchronous with the waveform of the electrical 
network makes it possible to increase its reliability while also increasing the electrical and 
mechanical life of equipment present in it. 

Another object of the present invention is to provide an actuation and control device for an 
electric switchgear, such as for example circuit breakers, disconnecUns and the like, which 
has reduced mechanical complexity. 

A further object of the present invention is to provide an actuation and control device for an 
electric switchgear, such as for example circuit breakers, disconnectors and the like, that 
makes it possible to decrease the energy used in the operation, thus making it possible to 
opiimiT* the sizing of the actuator and of ttie power supply system, with a consequent 
economic benefit. 
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Not the last object of the present invention is to provide an actuation and control device for 
an electric switchgcar, such as for example circuit breakers, disconnectore and the like, that is 
highly reliable and relatively easy to manufacture at competitive costs. 
Thus the present invention relates to an actuation and control device for opening and/or 
closing an electric switchgear which is connected to an electrical network and has at least one 
fixed contact and at least one movable contact, comprising actuation means which are 
operiitively connected to the movable contact and supply the energy to perform 
opening/closing operations, measuring means for detecting the voltage and/or the current of 
ai least one of the phases of said network. The device according to the invention is 
characterized in that said actuation means comprise a motor with position control, which is 
operatively connected to the movable contact, and an electronic control and power supply unit 
which receives information from said measuring means and, following an operation 
command, sendjt to the motor electrical signals for driving said motor so that the movable 
contiict iichicvcK a rule of motion controlled in relation to a predetermined operation time and 
to said received information. 

The actuation and control device thus conceived allows to accurately control the actuation of 
the switchgear and makes it possible to realize opening/closing operations which are 
synchronized, with reference to at least one of the phases of the electrical network. In this 
way, the voltage and current transients of the electrical network are eliminated, or at least 
limited as much as possible, thus reducing any anomalous stresses on the equipment 
presents. Furttiermorc, by using a motor with position control, the actuation and control 
device i.s also considerably simplified with respect to switchgear of the prior art, since it 
allows to eliminate the springs, the motor for reloading the closure spring, and all the 
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mechanisms thai allow to perform the switching cycles; accordingly, bulk is also reduced, and 
repeatability of maneuvers is guaranteed. 

Farther chiuracieristics and advantages of the invention will become appaient from the 
description of some preferred but not exclusive embodiments of an actuation and control 
device for opening and/or closing an electric switchgear, illustrated only by way of 
non-limitative example in the accompanying drawings, wherein: 
figure 1 is a block diagram of a device according to the invention; 

figure 2 is a block diagiam showing schematically an electronic control and power supply unit 
used in the device according to the invention; 

figure 3 is a view of a pole of a high-voltage circuit breaker provided with a device according 
to the invention; 

figure 4 is a view of a three-pole circuit breaker provided with a single actuation and control 

device according to the invention; 

Figun& 5 is a diagram illustrating the voltage phase in relation to time in normal operating 
conditions; 

Figure 6 is a diagram illustrating the cunent phase in relation to tinae in the presence of a 
triuisient. 

With reference to Figure 1, ihe control and actuation device according to the invention 
comprises an electronic control and power supply unit 100, which following an operation 
command I (arriving for example from an operator or from a protection system) actuates a 
motor with position control 2. The motor 2 is operatively cormected to the movable contact 3 
of the electric switchgear by means of an adapted kinematic chain 5, In its turn, the switchgear 
is connected to an electrical network 30; measuring means 31, foi- example cuncDt or voltage 
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transfoHTiens. are provided for detecting the voltage and/or the current of at least one of the 
phasej; of said network 30. 

Position control is generally perforroed by means of a position sensor located on the motor 2, 
which sends to ihe control unit 100 information 7 related to the movement of said motor 2. 
Position control can also be performed by a position sensor for the movable contact^ which 
$ends to the control unit 100 information related to the actual position of the movable contact 
3. Said position sensor can simply be a limit switch, which reports to the control unit 100 that 
the required switching action has been completed. 

Preferably, the motor 2 with position control is constituted by a rotary servomotor with a 
position sensor. In this case, the connection between the motor and the movable contact 
occurs by means of a kinematic pair, which is capable of converting the rotary motion of ttie 
driving shaft into a translatory motion of the movable contact. The use of a servomotor 
allows high power levels to be available with very short delivery times. For an equal power, 
)i is furthermore possible to act with two independent control parameters (torque and/or 
speed), allowing greater flexibility during design. 

The electronic control and power supply unit 100 is generally powered directly by the network 
30. However, the device preferably also has an auxiliary energy-accumulation power supply 
«systcm 101. Preferably, said system, constituted for e^iamplc by a battery of capacitors, must 
be able to store and deliver at least the energy required for a quick opening/closing/opening 
(OCO) switching cycle- 
By means of the control and power supply unit 1 00 it is possible to program the rule of motion 
of the movable contact 3 in a simple and flexible manner, as a function both of the operating 
command received and of the type of fault possibly detected, and to perform opening^closing 
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operations which are synchronized with lespect to tfie cuncnt and/or the voltage of at least one 
of the phases of the network 30, 

In particular, as illustrated in Figure 2. in a preferred embodiment of the device according to 
the invention, the electronic control and power supply unit 100 comprises calculating means 
11 which receive by said measuring means 31 information 32 tracking the electrical 
parameters of the network; in relation to this information, the calculating means 1 1. through 
suitable calculations, predict the succession of the zeros and maximums of the current 
and/or voltage of the phases foUowing those detected, also taking account of frequency 
variations, harmonic components and single-phase uansient components. In addition, they 
calculate the time between the aerofi and maximttio* detected and those predicted, and send 
an indicative signal 38 to a timer and command unit 36. 

In addition, the electronic control and power supply unit 100 advantageously comprise table 
means 34 that contain predetermined information regarding the type of load and of the 

^iSSiSi'flStwark. and ^Aimigmi^^dAi^iifi^tmfma^mmfss^^^iM^^ 

relation to said predetermined information to a rimer and command unit 36; furthermore, if 
it is required by the applications, said table means contain also information about the state 
of the neutral of the network 30. In this embodiment and as illustrated in Figures 5 and 6, 
the operation command I is sent to the timer and command unit 36 and is a command that 
is generally asynchronous in relation to the electrical network. The timer and command unit 
36 outputs a corresponding synchronous start operating command 37 to the motor 2; this 
synchronous command 37 i.s delayed in relation to the asynchronous command I by a 
period of time 50 that is a function of the predetermined nominal operating time 51 and of 
the .said signals 33 and 38 indicating the ideal cnd-of-operation times and the subsequent 
zeros or maximums predicted respectively, in order to identify the first .subsequent ideal 
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inomeni useful for implementing the synchronous operation. The desired ideal moment 35 
is clcsirly the optimal time for eliminating operation transients in relation to the type of 
operation, load and electrical network; as iHustrated in Figure 6, this moment in time does 
not necessarily coincide with a zero or with a maximum but nevertheless ensures that the 
operation is performed within the synchronism window around the optimal instant. 
A significant advantage of the invention resides in the fact that, by using a motor 2 with a 
position control, information about the movement of the movable contact 3 is sent to the 
electronic control and power supply unit 100 at each instant; in this way, it is possible to 
execute corrective actions, if any, during the maneuver, thus performing a control in real 
time and ensuring execution of the operation in a predetermined nominal operation time. 
Moreover, position control performed on the motor (and/or on the movable contact 3) allows 
braking the movable contact at the end of the switching action, thus eliminating the need to 
use a shock absorber, and to have a great repeatability of the maneuvers as well. Recovery of 
energy during breaking operations is also possible, thereby reducing the total energy 
consumption. 

If however, the deviation from the nominal behaviour at any point becomes accentuated 
during the operation, requiring a significant correction, the device is able to correct the 
predetermined nominal operation time in a self -organizing mode. In this case, the nominal 
operation time that is suitably monitored during the operations is redefined in relation to a 
new reference value; this new reference time is obviously made available to the unit 100. 
It has in practice been noted how the device as in the invention makes it possible to achieve 
the task in full as well as the objects set in that it m^es it possible to control the operations 
of the swiichgear and to perform actuation of the movable contact 3 according to a 
controlled rule of motion, thus allowing to obtain operations which are synchronous with 
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ihe electrical network, with the widest different types of electrical systems and loads present 
In Ihem and even in the presence of faults. 

This therefore results in significant advantages in terms of the elimination, or at least 
significant reduction of voltage and current transients in the network, as well as in terms of 
limitins electrodynamic and thermal stresses, with significant consequent benefits both for 
equipment present in the electrical network and of the switchgear used, considerably 
increasing its useful life and reliability. 

The device according to the invention is conveniently applied in various kinds of electric 
switchgear, such as circuit breakers, disconnectors and the like, and is particularly adapted for 
high-voltagc circuit breakers. Figure 3 illustrates, schematically, an exan^le of a pole of a 
high-voltagc circuit breaker which comprises a control and actuation device 100 according to 
the invention which is connected to the movable contact 3, not shown in figure, by means of a 
rod 26. 

If the electrical switchgear is constituted by a three- pole high-voltage circuit breaker for 
opening and closing a circuit connected thereto, each individual pole can comprise an 
actuation and control device according to the invention. In this manner, by appropriately 
programming the electronic control and pow«r supply unit 100, it is poSi>ib)e to provide a 
synchronous opening or closing action, in a very flexible way. For example, it is possible to 
use measuring means 31 for each phase of the electrical network 30 and to perform 
synchronized operation for each phase, independently from the others. Alternatively, it is 
possible to provide measuring means 31 for only one phase, which is considered as a 
reference, and to assume that the network is electrically symmetrical, namely that each phase 
Is shifted from the previous of 120 electrical degrees. 
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In a further embodimenl, shown in figure 4, the three-pole circuit breaker can have a single 
aciuation and control device according to the invention; in such situations, the device is 
mechaniccdly coupled to each individual pole of the circuit breaker by adopting suitable rods 
24. In this case. Information on the electrical network is given by measunng means provided 
on a single phase. 

In practice, it has been found that the actuation and control device according to the invention 
fully achieves the iniended aim, since it allows to improve the characteristics of electric 
switchgear by controlling the rule of motion of the movable contact. 

In addition to the above advantages, the actuation and control device allows to reduce costs by 
reducing the parts, reducing the calibration operations and eliminating movements and 
stresses that can give rise to impact damage. Accordingly, maintenance costs are also reduced. 
The device thus conceived is susceptible of modifications and variations, all of which are 
within the scope of the inventive concept; all the de^ls may furthermore be replaced with 
technically equivalent elements. In practice, the materials used, so long as they are compatible 
with the specific use, as well as the dimensions, may be any according to the requirraients and 
Che state of the art 
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CLAIMS 



1 . An actuation and control device for opening and/or clositig an electric switchgear which 
is connected to an electrical network and has at least one fixed contact and at least one 
movable contact, comprising actuation means which are operatively connected to the 
movable contact and supply the energy to perform opening/closing operations, and 
measuring means for detecting the voltage and/or the current of at least one of the 
pha<;cs of said network, characterized in that said actuation means comprise a motor with 
position control, which is operatively connected to the movable contact, and an electronic 
control ^md power supply unit which receives infomiation from said measuring means 
and, following an operation command, sends to the motor electrical signals for driving 
said motor so that the movable contact achieves a wle of motion controlled in relation to 
a pre-detcrmined operation time and to said received infonnation. 

2. An actuation and control device according to claim 1 characterized in that the opening 
and/or closing is synchronized with respect to at least one of the phases of the electrical 
network. 

3. An actuation and control device according to one or more of tlie previous claims, 
chaructorixed in that position control is performed by a position sensor on the motor, 

4. An actuation and control device according to one or more of the previous claims, 
characterized in that said motor with position control is a rotary servomotor. 

5. An acluarion and control device according to one or more of the previous claims, 
characterized by the fact that said electronic control and power supply unit comprises: 

- calculating means suitable for predicting the zeros and maKimums of the voltage and 
of the current of the phases subsequent to those detected by said measuring means and 
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Tor calculating the period of time between the zeros and maximums detected and those 
predicted. 

6. An actuation and control device according to claim S characterised by the fact that said 
electronic control and power supply unit comprises table means containing 
predetermined information regarding the type of load and the load and network neutral 
connection to ground, said table means being able to output a signal indicating the idea) 
end-of-operaiion times in relation to said predetermined information. 

7. An actuation and control device according to claim 6 characterized by the fact that said 
electronic control and power supply unit comprises a timer and conunand unit that 
receives in input: 

- an operation command that is asynchronous in relation to the electrical network; 

- the signal indicating the ideal end-of-operation times; 

- the signal indicating the subsequent predicted zeros or maximums; 

and output a corresponding synchronous operating command that is delayed in relation 
to said asynchronous operating command by a period of time that is a function of the 
predetermined operation time and of said signals indicating the ideal end-of-opeiadon 
times and the predicted subsequent zeros or maximums. 

8. A pole of a high-voltage circuit breaker^ characterized in that it comprises an actuation 
and control device according to one or more of claims 1 to 7. 

9. A three-pole high-voltage circuit breaker for opening and closing a circuit connected 
ihcrcto, characterized in that it comprises, for each pole, an actuation and control device 
according to one or more of claims 1 to 7. 

10. A thrce-polc high-vottagc circuit breaker for opening and closmg a circuit connected 
thereto, characterized in that it comprises an actuation and control device according to 
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one or more of claim. I Co 7 and a mechanism for coupUng said device to each individual 
pole of the circuit breaker. 
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ACTUATION AND CONTROL DEVICE FOR ELECTRIC SWITCHGEAR 

ABSTRACT 

An actuation and control device for opening an electric switchgcar, for example circuit 
breakers, diRconneclors, etc., particularly for high and medium voltage transmission and/or 
distribution network. The device allows to improve manoeuvres of the switchgear from 
both a mechanical and an electrical point of view« and in particular makes it possible to 
perform the electrical operation in a synchronous and repeaiable manner In relation to the 
network parameter^. 
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